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@ Resin composite containing polyamide matrix and polyolefin grains dispersed therein. 

ft , na ^in composite, polyolef.ne grains are dispersed in a polyamide matrix. Each of the Polyene 
® gratis has a^o^ade an unmodified polyolefine and a shell made of a^er po^efine t^ . 
mnHmJi ih one embodiment the core is made of a crystalline polypropylene resin (C), and the shell Irs 
mad?rf t^li^S^r^X ethylene unteand a-olefine units. The modVM ' ^po^mer (B) 
J e h zJ n S ^SSwrilB as a major component The resin composite has 30 to 80 percents by 
^taht^ rXr^WMA) 1 t^f pe^ by v^ght of the modified copolymer (B), and 19 to 69 percente 

cLolvmer and the crystallinrpropylene resin is 100 percents by weight n another embedment, the 
of an unified copolymer (E) having ethylene units and £™ * 

made o ™ ^modified crystalline polypropylene resin (D). The copolymer may jiave tte * * 
" „r~ nfint The 7 resin comDosite has 30 to 80 percents by weight of the polyamide (A), 5 to 50 

'th^S^yltal^e polyprop^ene resin (D), and 5 to 65 percents by weight of 
tSStiSmSrS wherein the sum* the polyamide, the modified crystalline 

me coDdvmer is 100 percents by weight The unmodified crystalline polypropylene resin (C) is modified 
at ^st one of « unsaturated caboxylic acid and ^^unsaturated caboxylate to give the 
modified pdypmpS resin (D). The resin composite has both the propert.es Pressed by 

^SSSStaSS7» prapertieT possessed by polyolefine in good balance, and further has properties hat 
3 &^ aufflSeS Possessed by the polyamide or polyolefine. specifically, low warpage upon molding. 
O good dimensional stability and good impact resistance. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a thermoplastic resin composite, particularly a ™* f m ^.^^" 9 
a po^amide and po.yo.ef ines. which is low in water absorption and supenor m ^^^^Si 
toSness and moldability. The thermoplastic resin composite of the present invention finds w,de applications 
in mechanical parts, automobile parts, electric or electronic parts, etc. 

2. Description of Related Art 

Polvamide resins, being well balanced in mechanical properties, heat resistance, chemical resistance and 
moldabiSrTind^ide applications in electrical or electronic parts, automobile parts, etc. However the polya- 
22 resfns ai prane tc absorb moisture. Upon the absorption, the polvamide resins sh ow >-£«"-"^ 
ctenaTandtarse reduction in mechanical properties such as bending strength, modulus of elasticity anj he 
Te According the polyamide resins are not suitable in parts requiring dimensional accuracy, and their ,m- 

Pm ™7e rfnef Sand polypropylene is lightweight low in water absorption, superior in melt f lowability and 
.ow S cTtanTls u^edTn aia^e amount in automobile parts and electrical parts. However. P^™*™ 
h^insX^ 

shrinkage coefficient so that upon molding, dimensional accuracy is limited. Hence, polypropylene may per 

" TorS to SS^****** change of polyamide caused by water absorption, it was proposed to 
.ntrcSuc^ a r^n^r unitlnto the main chain of polyamide by copolymertzation. and the monomer unite con- 
L^^l Zm^c dicarWI^acid. an arc^aticdiamine or a salt thereof by copolyrnerization. Alternatively. 
? ^- Z^ ^cVdw^ a^mer having low water absorption. The polymer having low water ab- 
c^^rS ^SSS* rubbers, which may be made of one 'P**"**"^ 
SeTby an unsaturated carboxyllc acid or a derivative thereof, ethylene, and a copolymer having the propylene 

""^orlxSr^nese Patent Application Kokai (Laid-Open) No. 12546/1967 discloses a thermo^astic 
resin c^Son comprising 50-99% by weight of a polyamide and 50-1% by weigh of ^ "n^ura^car- 
L^ic^cKef ine copolymer, which has improved compatibility. The resin composition has excellent mech- 
Spro^^ 

IrenTse^atent Publication No. 30945/1970 discloses a method of manufacturing a resin composition 

The moldeo article having inferior dimensional accuracy and insufficient impact resistance, 
the moioeo amae raving rLaid-Ooen) No. 262853/1985 discloses a polyamide resin composition 

Japanese Paten Apphcabo^^ 

s£f SSSSS^ ^J^nc? HoweveMhe water absorptton level of the resin composition is at... 
'""japan-e Patent Application Kokai (Laid-Open) No. 223250/1987 

by kneading a crystalline polyolefine with a polyamide and an unsaturated rarboxylic a * d d °™*^^ 
^kneadina thrresultinVmodified polyolefine with a polyamide and a polyolefine. The resin composition 
abso^tS extent tensile strength and excellent surface gloss. The resin composition, how- 
ever does no, ?™*™^^ { SS£?S^™<»7 disdoses a resin composition having 

^^J2%£SZXPZ^> No. dM— a r.s,„ COT**.' 
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comprising a polyamide resin, a crystalline polypropylene modified by unsaturated carboxyl.c acid and an ethy- 
lene-a-olef ^copolymer modified by an unsaturated carboxylic acid. The polyamide res.n compositton gives 
a smai. dimensional change upon water absorption and has excellent rigidKy and ^ e 

amide resin composition, being rich in the poiyamide component has excellent mechamcal »* + 

still insufficient in water absorption and does notf ully satisfy both of low water absorption and mechanical prop- 

Japanese Patent Application Kokai (Laid-Open) No. 87652/1989 discloses a polypropylene resin compo- 
sition having excellent impact resistance, comprising a partially modified crystalline propylene-ethylene block 
copolymer, a polyamide and a modified ethylene-a-olef ine copolymer. The composition contains a polypropy- 
lene asa matrix and a polyamide as a dispersed phase, thereby having improved heat **«™» and mech- 
anical properties as compared with the polypropylene. However, the oomposihons has sigmf icantly infenomg- 
iditv and heat resistance as compared with the polyamide. 

Japanese Patent Application Kokai (Laid-Open) No. 146942/1 989 discloses compositions each comprising 
40-60% by weight of a modified polyolef ine copolymer grafted with an unsaturated carboxylic acid or a deriv- 
ative thereof and 60-40% by weight of a polyamide. In these compositions, the incorporation of the modified 
polyolef ine of relatively high molecular weight having an meltflow rate of 2.0 g or less per 10 minutes improves 
the rigidity, water resistance and weld strength. However, the compositions do not improve impact resistance 
the mold shrinkage coefficient is high ; the dimensional stability upon molding is low; and the melt does not 

S ^Ja7anesePatentApplication Kokai (Laid-Open) No. 91560/1991 discloses a polyamide resin composition 
comprising 100 parts by weight of polyamide. 1-100 parts by weight of a modified polyolefine 5-250 parts by 
weight of a polypropylene resin. 0.01-3.0 parts by weight of an organic heat stabilizer and 0.1-5.0 parts by 
weight of a particular carbon black. The polyamide resin composition does not age much upon heating. The 
polyamide resin composition, however, has insufficient impact resistance and dimensional stability upon mold- 

in9 ' Japanese Patent Application Kokai (Laid-Open) No. 109452/1991 discloses a resin anpNHn compris- 
ing 10-89.9 parts by weight of a polypropylene resin, 10-89.9 parts by weight of a polyam.de. 0.1-5 parts by 
weight of an unsaturated carboxylic acid-modified polyolefine, 0-30 parts by weight of an impact ™P^"J 
0-60 parts by weight of a reinforcing agent, wherein the resin composition is 100 parts by weight The > resin 
composition shows excellent toughness, rigidity and heat deformation stability, but has insufficient melt f tow- 
ability during molding and insufficient lightweightness. _ m „ rie _ 

Japanese Patent Application Kokai (Laid-Open) No. 115342/1991 discloses a res.n composition compris- 
ing 94-50% by weight of a polypropylene. 1-40% by weight of a modified polyolefine and 5-40%by weight of 
a polyamide. wherein the ratio of the melt viscosity of the polyamide to the n*^™^ 1 ^™*™ 
is 1 or more. The resin composition has improved heat resistance as compared with the polypropylene, but 
has no sufficient improvement in dimensional stability upon molding and rigidity. _ mr>ric _ 

Japanese Patent Application Kokai (Laid-Open) No. 146552/1991 discloses a res-n composition compns- 
inq 40-80% by weight of a polyamide, 1-40% by weight of a modified polyolefine and 20-60% by weight of a 
polypropylene. The resin composition shows excellent coating property by having a melt viscosity ratio WnPA 
of 0.75 ormore at a shear rate of 3,500 sec-^ at the molding temperature, but is insuffioent.n impact resistance 
and dimensional stability upon molding. 

Japanese Patent Application Kokai (Laid-Open) No. 207735/1991 discloses a resin composition compos- 
ing a polyamide, a polyolefine and a modified polyolefine. The modified polyolefine having a tensHe yield 
strength of 300 kg/cm* or more improves mechanical properties, particularly weld strength of a molded art.c e 
made of the resin composition. However, the resin composition has high shrinkage coefficient upon solidif k 
cation during molding, thereby the molded article having insufficient dimensional stability and ngidity. 

Japanese Patent Publication No. 44108/1980 discloses a multi-phase thermoplastic resin composition 
having a polyamide matrix and particles dispereed therein. The particles are made of a polymer having at east 
one resldue^elected from ethylene, carbonyl compounds, a.p-unsatureted carboxyl.c acids and derivat^es 
thereof unsaturated epoxides, carboxylic acids and derivatives thereof, acrylic acid esters, monomers having 
aromatic sS chains and unsaturated carbon-carbon monomers. The resin composition has excellent .mpact 
resistance and modulus of bending elasticity. However, the resin composition is insufficiert in tow water ab- 
sorption; the resin composition does not have both mechanical properties and dimens.onal stability upon water 

^^TpSese Patent Application Kokai (Laid-Open) No. 9661/1980 discloses a thermoplastic resin composi- 
tion \SZ flexibility. Comprising (a) a modified ethylene copolymer grafted with 0.05-1.5% by we.ght of an 
^saturated carboxylic acid or a derivative thereof and (b) a polyamide at a ratio of 2/3:1 to M . The ther- 
moplastic resin composition has improved flexibility and impact resistance but has reduced ng.d.ty and elon- 
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9 Japanese Patent Application Kokai (Laid-Opan) No. 123158/1979 disdosas a polyoiafina resin , cornposH 
tion comprising: a polyoiafina resin, including an unsaturated carboxylic acd-added polydef ,ne ream; enitro- 
gerlconteining resin; and a filler. The polyolef ine resin is superior in ^ h n ^™^^^ t "~ 
«nd coatino orooertv The resin composition has improved bending strength, heat deformation temperature 
ana ZeSy H^r. the resin composition has probiem in rigidity, toughness, .ightweightness and 

dim r P anese Pa2i Application Kokai (Laid-Opan) No. 232135/1984 discloses a pol ^" e i res ^J^ 
tion superior in dyeingproperty, comprising a modified polyolef ine. a polyamide and a crystalline polyolef ine. 
whereinTe anWunt of the define units is 70% by weight or mora of the total. The incorporabon of a large 
TmoL of polyolef ines improves, upon injection molding, mechanical strength, rig.dity. heat res,stance. etc. 
However, the extent of improvement is limited. 

Japanese Patent Application Kokai (Laid-Open) No. 118735/1985 .discloses . 
mechanical properties and low water absorption, comprising a polyamide and e modified pdyolefine. The res.n 
composition, however, is insufficient in balance between rigidity and low water absorption. 

Japanese Patent Application Kokai (Laid-Open) No. 8246/1982 discloses a resin cornposWon « mpns ^ g 
a polyamide, a polyolefine having a crystallinity of 40% or more and a modified polyolef ^tain^ byj mo£ 
ffy^ganemylenl^olefine^ 

add or a derivative thereof. The resin composition has improved impact resistance and appearance, but has 
no suff ident balance between rigidity and low water absorption. w . „ 

Japanese Patent Application Kokai (Laid-Open) No. 149940/1984 (Japanese p f te "V PuW '^ ro " 
42109/1^^ Japanese Patent Application Kokai (Laid-Open) No. 110740A. 1985 
Stton No. 42379/1990) disdose a pdypropyiene composition comprising a polypropylene, a polyamWe and 
a modified propyieneKL-olefine copolymer, which has excellent rigidity, impart reactance, gloss and heatre- 
sisZ* Tne resin composition has a polypropylene matrix, thereby considerably low ngidity expressed by 
modulus of bending elastidty, as compared with a polyamide matrix. . . . 

As described above, conventional polyamide resin compositions are no we.l^lanc^ tetween^e^ 
erties possessed by a pdyamide and the properties possessed by a pdyolefine. The polyamWe has favorable 
pmpertes such as *e mechanical properties, heat resistance and moldabi.ity, and the pdyolef .ne has favor- 
a5e properties such as the lightweightneas and low water absorption. Neither the po.yam.de nor the pdyde- 
fine has low warpage upon mdding. good dimensional stability and good impart resistance. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a thermoplastic resin composite, which has both the prop- 
erties possessed by a polyamide and the properties possessed by a pdyoief^e in good balance andw^ch 
further has properties that are not sufficiently possessed by the pdyamide or pdyolefine. specf.cally. low war- 
oaqe upon molding, good dimensional atabillty and good Impart resistance. 

!n the present Lention. pdyolefine grains are dispersed in a polyamide matrix, and eadi of the pdydef ,ne 
greins has a^o called corelshell structure wherein the shell is coated onto the surfaces of the core n each 
oflh grama, the core is made of an unmodified polyolefine. and the shell fe made of another P^define that 
fe mod?fied Jo aa to be compatible with the polyamide matrix. The polydef ine for the core has pmpert.es d,f- 
eiSom the other polydef ine for the shell in terms of flexibility. One of the pdyolef ines may be a crystalline 
pdypro^ene reain. arJthe other polydef ine may be a copolymer having ethylene un,ts and a-oWine unit* 
Tn the first aspect of the present invention, the core is made of a crystall.ne polypropylene reain (C . and 
the sndMs rrlde Tmodif ied copolymer^) having ethylene units and a-def Ine units. The modified copolymer 
X may haveThe a "lef ine units asTmajor component. The resin composite has 30 to 80 percen s by weigh 
of a^dvamWe (A) 1 to 30 percents by weight of the modified copolymer (B), and 19 to 69 percent* by weight 
o! mf^ne ^ro^ene resin (C) wherein a sum of the polyamide. the modified copolymer, and the 

crystalline propylene resin is 100 percents by weight , c . hm/in „ 

in the second aspect of the present invention, the core is made of an unmodified copolymer E having 
ethane unTand a-def ine units, and the she., is made of a modified orysteHinej Jj^^j"^ 
copolymer may have the ethylene units aa a major component The res.n composrte has 30 to 80 percents by 
SonTof polyamide (A). 5 to 50 percents by weight of the modified cryatalline pdypropyiene resin D). and 5 
?S pv^y^m of the copolymer (E) wherein a sum of the polyamide. the modify crystalline poly- 
nroovlene resin and the copolymer is 100 percents by weight. 

P ^ ££n of the unmodified crystalline pdypropyiene resin (C) with at leastone 

caboxylic add and a. B-unsaturated caboxylate gives the modified crystalline polypropylene res.n (D). Ameth- 
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od of modifying the crystalline po.ypropy.ene resin (C) to give the modified crystalline polypropylene resin (D) 
is the same as that of modifying the first copolymer to give the modified copolymer (B). _ 

^ ^Sin composite of the present invention contains the polyamide (A) forming the matnx so as to reflect 
favo^TrepTrtTrS a polyamide resin, such as the heat resistance and mechanical properties thereby hav- 
ngTp^eTn^us of Slcity, heat resistance and rupture strength. Contrary when the P°J^e oom- 
ponenUA) forms a discontinuous phase, the resulting resin composite has low mechanrcal prepert.es and heat 
resistance, being unable to achieve the object of the present invention. . . , 

The core-shell structure in the resin composite of the present invention gives supenor mechanical prop- 
erties (eg modulus of bending elasticity, tensile and bending strengths and impact resistance) low vtecosfty 
of a melt and superior flow during molding. Contrerily. when both of the polyotef '"e ^ponents £ . and <C) 
oriTand (E) are modified with a chemical having polar group that is compatible with the polyam.de (A), each 
or the PoVyofef ines are independently dispersed in the polyamide matrix; some particles are made of one poly- 
olef ine, and the other particles are made of another polyolef ine. 

Tne thermoplastic resin composite of the present invention has both the propert.es possessed by a pcrfy- 
amide and Zproperties possessed by a polyolef ine in good balance and further has low warpage upon mold- 
ing, good dimensional stability and good Impact resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross section of the resin composite of the present invention. 

Fig. 2 is a photograph of transmission electron microscope of the res.n composrte of the first aspect of the 
^ Rg. 3 tea^hotograph of transmission electron microscope of the resin composite of the second aspect 
^RgTis a Sraph of transmission electron rnicroscope of the resin composite of the first aspect of the 
present invention wherein a plurality of cores are present 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

in Fig. 1. a resin composite 10 includes a polyamide matrix 12, and polyolef ine grains 14. 24. 34 are^ dis- 
persediShe polyamide matrix 12. Each of the polyolef ine grair« 14. 24. 34 has a sc-^ed core-shell structure 
^erTn shellsIS 28 38 are coated onto the surfaces 16s. 26s. 27s. 36s of cores 16. 26. 27. 36. respectively. 
^r^r^TaZZS** polyolefine. while the shells are made of a modified polyolefine. Each 

unite™ thickness. In grain 34. the shell 38 has an uneven thickness; a part 39a is thicker than another part 

Mb Preferably the grains may have average diameters up to 5 urn. and further preferably the grains may have 
average diameters up to 3 urn. Further preferably the grains may have average diameters up to 2 pm. Preferably 
fhe Ses may have average diameters up to 3 nm. and further preferably the cores may have average d,am- 
etere up to 2 urn. Further preferably the cores may have average diameters up to JU > l^- 

Figs 2 3 and 4 are photographs of transmission electron microscope magnif red by 15.000 times. Each 
grain has a' black part, which corresponds to copolymers whether modified or not The copolymers are dyed 

by T^2XT^ts "made of a crystalline polypropylene resin (C). and the shell is made of modified co- 
polymer^) having ethylene units and a-olef ine units. The modified copolymer (B) has the a-olef .ne units as 
a rriaior component. In Fig. 2. many of the grains have diameters ranging from 2 urn to 3um. 

Tf? Tmost of the grains are occupied by the cores, and the black shell is thin hav.ng a thickness of 
about 0 02 urn. However, in the present invention, the shell can be thicker, depending on an amount of the 
modTf ied co^lyme, an amount of the modifying species, the composition of the modif ,ed copolymer, etc. 

n Fig 2 a tew cores have a plurality of white area, which presumably corresponds to the polyam.de .n- 
coroorated in the cores. In the present invention, it is preferable that polyamide is not .ncorporated in the cores. 
Tn^3 the bteck core is made of an unmodified copolymer having ethylene units and a-olef, ne units, 
and the shell is made of a modified crystalline polypropylene resin. 

In Fig. 4. many of the grains have a plurality of black cores made of an unmod.f .ed copolymer. The size 
of one core can differ from the size of another core in the same grain. 

Thrpolytmide (A) may be obtained by pdycondensation between (a) an aliphatic, alicychc or aromatic 
diamine [e.g hexamethylenediamine, decamethylenediamine, dodecamethylened.am.ne, 2,2.4- or2,4,4-tn- 
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, . JU ^^^Hbminp 1 3- or 1 4-bis(amlnomethyl)cyclohexane, bis(p-aminocyclohexylmethane) or 
: ^r^Z^l^l^tSic or aromatic dtearboxylic add (e.g. adipic acid suberic 

acid^dc^ 

amide f A) mav be obtained from a lactam, such as, e-caprolactem and o>laurolactam. Alternatively, the poiy 
amice (A) «£L by copoiymerization of these chemicais, and the polyamide (A) may be a mature 

° f ^^L7)lX^°*™**- "Von nylon 66. nyion 46. nylon 610, nyion 612. nylon 9. nylon 
11 2Sn "yon 66/610. nylon 679. nylon 6/11. nylon 6/12. nylon 6/610 nyion 6/612, nylon 

6 66/6^10 nyion ^ 2. nylon 6T (T: terephthalic acid component), nylon 61 (I: isophthalic acd component, 
JESSf Son»6l. nylonWand nylon 66/61. Of these, nyion 6. nylon 66. nylon 11. nylon 12. nylon 6/66 
n£n SErfEton are preferred in view of the moldability. balance in mechanical properties and cost 
Son e!n5on 66, copolymers' thereof and mixtures thereof are particular* preferred ^he m^.ar we^ht 
of the polyamide (A) has Z particular restriction but is preferably 1 .0 or more mora £^*M.O ,n terms 
of relate viscosfty as measured for a solution of 1 g/dl of the polyam.de (A) in 98% sulf unc acid. 

wJen Te SaJ^e viscosity of the polyamide is less than 2.0, the resulting resin composite may have ow 
m JTn!« stress wSn the relate viscosity is less than 1.0, the resin composite has significantly low 
m £a„S ^en the relative viscosity* more than 4.0. the resin composite has high melt vtecosKy 

n^dmed ft polyo.ef ine used as the component (B) is a poiy-a^lefine modified with an c^^atu^ed 
carboxylic acid or ^derivative thereof. It is obtained by modifying an a-olefine copolymer havinga modu us 
oSe eLtichy of 200 MPa or less (obtained by copolymerizing at least two monomers selected from the 
defines mentioned later) with an a.p-unsaturated carboxylic add or a derivative thereof. 

Te a nnsatumted carboxylic ecid or the derivative thereof includes univalent carboxylic adds such as 
acrylte add/m^maa^lic ad*crotonic acid. Isocrotonic acid and the like; divalent cart«xyHc adds £Chas 
Sic add fumaricadd. itaconic acid, citraconic add and the like; and anhydrides or salts thereof. Of these, 
prepare a^£ add. methacryiic add. maieic anhydride, itaconic anhydride, and zinc salts and sodium 
Lit* th*r**rf Particularly preferred are maieic anhydride and itaconic annydnde. 

^^JT^Tl^satura^ carboxylic add or the derivative thereof in the n^lf ied polydefine 
(B ) 0.05-5% by weight, particuiar.y preferebly 0.1-3% by weight When the "J^^ 

unsaturated carboxylic add or the derivative thereof is smaller than the above range th edhes ™ betwwn 
the oolvamide and the polyolef ine phase is insufficient and the resulting resin composite has an unstable d.s- 
pe^tonirrudure a„ d L mechanical strengths. When the content is larger than the above range, the ream 

C °Temc2^ 

ution^ta^et2erw7h an ai-unsaturated carboxylic acid or its derivative both ^^^^1 
teal initiator The radical initiator may indude, for example, organic peroxides such as hydroperoxide, d.alkyl 

dicumyl peroxide, cydohexenone peroxide and t-butylperoxybenzoate. . o ^ 

?ne a-olefine unit constituting the modified polyolef ine (B) . that is, the mod.f «d ethytene-a-olef me co- 
nn. Jnlr «f la an a-olef ine having 2 or more carbon atoms, particularly 2 to about 18 carbon atoms. The a, 
SSTJmS S SmiretUne. propylene. 1-butene. 1-hexene. 1-decene and 1-pentene. They can 

^ S the modified poiyolef ine (B) contains propylene u „Hs in an 

amou^oS) md^. preferably 40-75 mole %. particuiar.y preferably 45-75 ^^SS^SSSZ 
intent i8 smaller than the above lower limit the compatibility between the component (B) and the component 
SudicrSo ater) is insufficient the dispersion strudure of the resulting resin composite is unstable, and 
the SanTca s rengths of the composite are small. When the propylene content is iarger than the above up- 
per ZSTeTeauWngresin composite has smai, improvement in impact resistance large shnnkage upon soi- 
Idification during molding, and gives a molded article having low dimensional stability. 

TZnZoZt (B) 9 the probabiltty that propylene unfts are present in three consecutive unfts in^ ^he poly- 
mer chain is preferably 0.1-0.5. When the probability deviates from the range, the resultmg resin composts 
may show no imp-vemenl t in MJeneiie ^Z£~££Z?«* has a tensile moduius of 200 MPa or 
,esa a^C fL ^^S^aW^SSL tensiie modulus is larger than 200 MPa, the resulting 
IS. cS^i3K im'pad restetance and shows, in some cases, no sufficient improvement ,n mold 

nr U n^^ 

tall ine polypropylene. The component (C) preferably has a modulus of bending elast.city at 23 C as measured 
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hv ASTM D 790 of 1 GPa or more, preferably 1 .5 GPa or more. When the modulus of bending elasticity Is less 
thaf ™Pa ^ tsuZl resin composite has low rigKity. being unable to achieve the object of the present 

IWe ?he n crystalline polypropylene resin, serving as the component (C). may be a P«^ ene ^ 
ternltle^he compontntJS may also be a block or random copolymer composed of propylene and 20 mole 

% %^de^^^ (0) th : SflO -in or mo*, preferably 1C-100 gV10 min, 

morep^ 

ASTU mJSb vSn the meltf low rate Is smaller than 1 g/10 min, the polyolef ine phase dispersed ir^ether. 
moolasHc ^resina^poslte has large sizes and said resin composite has low rupture propert.es (e.g low ,mpac 
^es^ phenomenon tends to appear already when the meK flow rate is in the range of 

! fflen the melt'fiow rate is larger than 100 g/10 min. the melt v *~ sl ^^ 

. li — ^ ^ar«H wtth that of the component (A), the presence of the component (A) in the form of a con- 

^JSE^JXSR £*n cLnposii has low -chanica, This Phenonenon 

anv reacLe gZ uX *e component (B). When the component (C) is modified with a residue react.ve or 
romLa^rwTtS; po K^mide (A) the poW ine phase fails to take a core-shell structure m the resulting 
Tn P Smp^ ine C ° re - She " StrUCtUre 88 de8Cribed ,8ter * 

20 ^^nmefirstaspectofthepresentinvention.thereaincompositeconto 

™Tr^ M T30% bv weight of the modified polyolefine [the component (B)] and 19-69% by weight 

SmeTn^ 

♦ k l^rnttanLment in water absorption, so that a molded article has a large dimensional change 
Inmois^reabS^ 

P Z 7£~W 2Ki faite to remai^ae a continuous phase so mat the resulting resin composite has low 
m ~W^rK^ <n the resin composite * .ess than 1% by ~^J™£ 

TaTe Ztol by weight, the resulting resin composite has low modulus of bending elasticity, unabie to 

aC T:Ir to t?aC^^ when the proportion of the component (B) is outside the spe- 

c.fiec l^£t£££ component (B) shouid be in the above-mentioned preferebie range, partic- 

preset invention £nore than 69% by weight, the component (C) fo^s a "J^J^^^ 
a resin composite superior in mechanical properties and heat resistance mtended by the preset ^errtwn- 
Wh?n tS portion of the component (C) is less than 19% by weight the resulting ream composite fa,ls to 

JiZZ2£2£ ^SSS °"he component (C, should be as we,, in the above^entioned pre- 

fera fn S tS n s 9 e e cond aspect of the present invention, the unmodified polyolefine copolymer serving as the com- 
ponen t E) a She copolymer obtained by copolymerizing at .east ™™TT£5^Z££ 
E mentioned later, and the unmodified polyo.ef ine copolymer has a modulus of tensile elasticity at 23 C 

0l ^fa^Z^Z^^^ the component (E) are at .east two «-oiefines having 2 or 
^S^JSS^^I^Icl^ *> mat the resu.ting resin composite has an unstabie dispersion structure 
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thereby having low mechanical strengths. When the ethylene content is higher than the the re** - 

ing resin composite has small improvement in impact resistance, shows large shrinkage coefficient upon sol- 
idification during molding, and gives a molded article having low dimensional stab.lrty. 

In order to reliably avoid these problems, the ethylene content should be in the preferable range. 
In the component (E), the probability that a-olef ine units other than ethylene units are present in any three 
coneec*iveun£ in the molecular chain, is preferably0.5orless.Whenthe P robabimydeviatesfromtherange. 
the resulting resin composite may show no improvement in tensile strength or impact res -stance . 

Preferably, the component (E) is flexible at room temperature and has a modulus of tensile elasticity of 
200 MPa or less at 23»C as measured by ASTM D 638. When the modulus of tensile elasticity te higher than 
200 MPa, the resulting resin composite may have low impact resistance, a large shrinkage coefficient upon 
molding and warpage upon molding. 

The molecular weight of the component (E) is 0.5 g/10 mln or more, preferably 2-60 g/10 min in terms of 
melt flow rate at a load of 2.16 kg at 230-C as measured by ASTM D 1238. When the melt flow rate £ smaHer 
than 0.5 g/10 min. the polyolefine phase dispersed in the resin composite has large sizes thereby having low 
rupture properties (e.g. low Impact resistance). This undesirable phenomenon tends to a^ppear already when 
the melt f low^ate is in the range of 0.5-2 g/10 min. When the melt flow rate Is larger than 60 g/1 0 min, themett 
viscosity of the component (E) is too small as compared with that of the component (A), the presence of the 
component (A) in the form of a continuous phase is difficult, and the resulting resin composite has low mech- 

^Tn meS.' composite of the present invention, the component (E) is not modified wtth any polar group or 
any reactive group. When the component (E) is modified with a residue reactive or compatible wrth the poly- 
amide (A), the polyolefine phase fails to take a core-shell structure in the resulting resin composite and the 
edvantageous properties of polyolefine core-shell structure as described later is unobtainable. 

In the second aspect of the present invention, the resin composite contains 30-80% by weight o <«* » f»ly- 
amide [the component (A)]. 5-50% by weight of the modified polyolefine [the component (D) and 5"^%^ 
weight of the unmodified polyolefine [the component (E)]. wherein the sum of the component (A), the compo- 
nent (D) and the component (E) is 1 00% by weight . , P . 
The proportion of the component (D) is preferably 10-45% by weight The proportion of the component (E) 

te '"whTnThe 1 P^rtlo y n W o;?h h e t component (A) is more then 80% by weight the resulting resin composite does 
not sufficiently improve water absorption, thereby giving a molded article having alarge dimensional change 
uLmoistureabsorption.Whenthe proportion of the component (A) is less than 30% by weight the^lyamide 
phase [the component (A)] fails to remain as a continuous phase and the resulting resin composite has low 
mechanical properties and heat resistance. 

When the proportion of the component (D) in the resin composite is less than 5% by weight the compa- 
tibility between the polyamide component (A) and the component (D) is Poor sothat the result ng resin com- 
posite feils to have water absorption and modulus of bending elasticity at des.red levels. When the proportion 
of the component (D) is more than 50% by weight It is impossible to obtain a res.n composite havmg mechanical 
properties and heat resistance as intended by the present invention. w „. 

In order to reliably avoid theabove problems occurring when the proportion of the component (D) isouts.de 
the specified range, the proportion of the component (D) should be in the above-mentioned preferaWe range. 

vSnen me proportion of the component (E), i.e. the unmodified polyoief ine of the resin composite is more 
than 65% by weight the component (E) forms a continuous phase so that the resulting resin ~mpo^e has 
low modulus of bending elasticity, unable to achieve the object of the present invention. When the proporbon 
45 of the component (E) te less than 5% by weight the resulting resin composite has low impact resistance, there- 
bv oMna a large shrinkage coefficient upon molding. 

There is no particular restriction in the process for producing the resin composite of the present invention, 
and the resin composite can be produced by various conventional processes. For *™J* e ^^™2* 
(A) (B) and (C) or the components (A), (D) and (E) are subjected to preliminary mixmg at room temperature. 
50 Subsequently/the mixture Is subjected to melt kneading at a temperature at which each = entsuff,c^y 
melts but at which each component does not decompose. For example, the ^^^^SS^S^ 
preferably at 240-300°C. In the preliminary mixing, a high-speed rotary mixer (e.g. a Henschel mrxer) and a 
foTspeed rotary mixer (e.g. a cone blender and a tumbler) may be used, both of which are used ,n ordinary 
rTxiJg ln the melt kneading, a single-screw or double-screw extruder and an ordinary me.t-knead.ng mach.ne 
55 (e.g. a Banbury mixer or a kneader) may be used. h -«tn« ...-h 

The resin composite of the present invention may contain a reinforang agen and a filler each havmg such 
a shape or state as fiber, powder, flake, mat or the iike as long as the moldabiiity and propert.es , «T the com- 
posite is not impaired. Examples of the reinforcing agent and the filler include inorgan.c or metallic fibers such 
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as glass fiber, asbestos fiber, carbon fiber, silica fiber, silica-alumina fiber, alumina fiber zircon a fiber, boron 

titanium fiber, copper fiber, brass fiber, magnesium fiber and the like; organic fibers such as polyam.de fiber. 

6 zinc tin lead. steintess steel, aluminum, gold, silver and the like; fumed silica; aluminum silicate; glass beads^ 
carton black- quartz powder; talc; titanium oxide; iron oxide; calcium carbonate; magnesium oxde; ca cum 
n^o^siumSlfate- and diatomaceous earth. When the reinforcing agent or the filler is a fibrous matenal. 
T^^TZaZ^getZ diameter of 0.1-30 ^ and a fiber ,ength/f iber diameter ratio of 1 0 or more. 
Tl£ TiiSorcinragent and the filler may have been subjected to a surface treatment with a known sllane cou- 

bv weight per 100 parts by weight of the resin composite of the present invention. When the amount is less 
thall partly weight, no addition effect of the reinforcing agent or the filler is obtained. When the amount .s 
more thaTsXarts by weight, the resulting resin composite has reduced moldab ity and mechanical prop- 

i S erties The reinforcing agent and the filler may be used singly or in combination of two or more kinds. 

The^ n SoLi ofthe present invention may further contain, as necessary, at leas. ^one additive , se- 
lected from oxidationinhibltors and heat stabilizers such as hindered phenols ; h ^^ one ' ^ h ^^ 
phltes. amines, derivatives thereof, copper compounds and the like; ultraviolet absorbers surf, as resorcmo . 
saSates benzotriazole. benzophenone and the like; releasing agents such as steanc acd. salts thereof. 

20 stearyl L^l and the like; inorganic flame retardants such as magnesium hydroxide, calcum hydroxide hy- 
dreLSite^nd *e like; organic flame retardants of halogen type, phosphoric acid ester type, melamine type 
o^uric acid type; auxiliary f iame retardants such as antimony trioxide and the like; antfetatic agents such 
Ts^dZ doTe^benzeneaurfonate. polyalkylene glycol and the like; crystallization accelerators; dyes; p,g- 

^"^eti^mposite of the present invention may furthennore contain apprepriata amounte^ 
themToplSic resin and the blowing thermosetting resin as long as the object of the preserri ^ not 
mpaired The thermoplastic resin includes polyethylene, ethylene-propylene copolymer ethylene- -butene 
copolymer ^ethy1ene-4-methylene-1-pentene copolymer, ethylene- 1-octene copolymer ethyiene-vrnylacetate 
coSoK ' ethane-vinyl alcohol copolymer, vinyl compound polymers (e.g. polyvinyl acetate and polyvinyl 
cnS prfyolefines (e g. poly-1-butene and poly-4-methyl-1-pentene). polyamides. polyamide elastomers. 
SeSas^olyestere %Z polyester elastomers, polyethylene terephthalate and polybutylene terephtha- 
tatTpSyiSes. polysurfone; po^phenyiene ether, polyphenylene sulfide, etc. The thermosetting resin 
includes phenolic resin, melamine resin, urea resin, silicone resin, epoxy resin, etc 

The «Sn composite of the present invention has no particular restriction in the order that the 
are mbfed. All of thTcomponents may be mtxed simultaneously. Alternately, the components (A). (B) and 
(C) or the components (A). (D) and (E) may be mixed first to prepare a mixture, followed by addition of other 

"T^^SSS "eVent Mention can be subjected to injection moiding. compression molding, 
extrusion or the like to obtain a molded article adapted to various applications. 

The present invention is hereinafter described in more detail by way of Examples ^<*m*» £ 
amples. However, the present invention is in no way restricted to these Examples as long as the scope of the 

^Te'r^cCnlii^rtt shown in Examples and Comparative Examp.es were measured as foHows. 

(1) Tensile properties (tensile strength and tensile modulus) 
46 Measured by ASTM D 638. 

(2) Modulus of bending elasticity 

Measured by ASTM D 790. 

(3) Heat distortion temperature 

Measured under a load of 4.6 kg/cm* by ASTM D 648. 
so (4) Izod Impact strength 

Measured by ASTM D 256. 

(5) ^eaturS at a shear rate of 240 sec- at 280°C by a plunger type capillary srheometer equipped with 
a nozzle having a nozzle diameter of 1 mm and a nozzle length of 1 0 mm. 

55 <6) *^^Z:££L - 1/8 inch) was prepared in a mold. The difference between the 

length of thetest piece in the flow direction and the inside dimension of the mold in the flow direction was 
dMded I by The inside dimension so as to give a shrinkage coefficient (%) upon mold.ng of the test piece 
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in the flow direction. 

<7) TTsFoZ^Zre* by injection molding to give a disc shape having a thickness of 2 mm and 
a diameter 2 ZZ* ^he test piece was measured for maximum warpage (mm) at the opposite ends by 
an apparatus for measuring three-dimensional size. 

<8> T^o^test piece (thickness = 1 mm) was prepared and absolutely dned The ^ P'«- was 
keotVn aThermThygrostat at a relative humidity of 90% at 40-C for 1 90 hours. From the weight increase 
of the ^SZSSL absolute drying before the thermo-hygrostat and afterthe thermo-hygrostat, the 
water absorotion of the test piece was calculated using the following formula: 
water absorption P , weiontafter wa ter absorption - weighti er absolute drying^ 100 

Water absorption (%) = — weight after absolute drying 

The properties of the polyamide [component (A)], the modified polyolef ine [component^)], the unmodified 
polylSlXZnS Z modmed P polyo.ef Ine [component (D)] and ^ST 
?£)] used in the following Examples and Comparative Examples were measured by the following methods. 

<8) , tS2£S£fcr a solution of 1 g/dl of a polymer in 98% sulfuric ecid. according to J.S K 6810. 

r^r;:*^ 

from the probability and expressed by percent by mole. 

(c) Probability of three consecutive propylene units in components (B) and (E) 

(d) Amount of modifying species, i.e. maleic anhydnde abaorbanoe 
infrared absorption spectra were obtained. The amount was calculated from ratios of the absorbance 

at 1,785 cnr 1 and the absorbance at 840 cur 1 . 

(e) Crystalline rate though X-ray diffraction underwent X- 
A cress sheet made of the component had a thickness of 0.5 mm, and the press sheet underwent X 

ray %£££«Z obtain a diffraction spectra of 2 9 ranging from 5 to 35 degrees. A smoo h curve 
"aving a pe?k at 16 degrees of 2 0 separate a crystalline region and an uncrystalline region, and the area 
of the crystalline region was measured. 
" (0 M Se2rreJ und M er afoad of 2.16 kgf at 230»C by a melt indexer according to ASTM D 1238. wherein 1 

kgf is equivalent to 9.8 N. 

Examples 1-5 

Table 1 shows five kinds of ethylene-propylene copolymer rubbers (each of them is hereinafter abbreviated 
as ™VwS3nto«Ioh EPR, the propylene content, probability of the three consecutive propylene units. 

nXng^pS^ 

tiCtt TaD?e' n 2 d Swt"five kinds of crystalline polypropylene resins (each of them Is hereinafter abbreviated as 
TP? f wSa^oTea* PP me propylene content, melt flow rate, modulus of bending elasticity and amount 
of maleic anhydride are indicated . Qn66 , pA66 _ =2 51)wasused. As the modified polyolef ine [com- 

oone^VSnerewiu^ 

e asticity - ^l^J^^J^.^ by a dou ble screw extruder having a diameter of 30 mm to 

te" 

be used for property measurements. The properties of the res.n composites are shown in Table 3. 
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Example 6 

a r«*in r^mnosite havina properties shown in Table 4 was obtained in the same manner as in Example 1 
except*^ 

of component A, 15% by weight of component B and 25% by weight of component C. 
Comparative Examples 1-3 

Resin composites having properties shown in Table 4 were obtained In the same manner as in Example 
6 J^tSSSTem* and EPR 5 of Table 1 were used as component B in Comparatrve Examples 1,2 
and 3, respectively. 
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Examples 7 and 8 

Resin composites having properties shown in Table 5 were obtained in the same manner as in Example 
6 except tSSZSLo PP) and PP 3 (biook PP) of Tab.e 2 were used as component C in Examples 7 and 
8, respectively. 



45 Comparative Examples 4 and 5 

R^in comoosites having properties shown in Table 5 were obtained in the same manner as in Example 
6 J£ PP) and PP 5 (maleic anhydride-modified PP) of Table 2 were used as component 
C in Comparative Examples 4 and 5, respectively. 
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Example 9 



40 



A resin composite having properties shown in Table 6 was obtained in the same manner as in Example 1 
except that the composite contains 50% by weight of component A, 5% by weight of component B and 45% 
by weight of component C. 

46 Comparative Example 6 

A resin composite having properties shown in Table 6 was obtained in the same manner as in Example 9 
except that the proportion of component B was increased to 50% by weight and that no component C was used. 

so Comparative Example 7 

A resin composite having properties shown in Table 6 was obtained in the same manner as in Example 9 
except that the proportion of component C was increased to 50% by weight and that no component B was used. 

55 Comparative Example 8 

A resin composite having properties shown in Table 6 was obtained in the same manner as in Example 1 
except that the proportion of component A was decreased to 25% by weight and that the proportion of com- 
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ponent C was increased to 65% by weight. 
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Examples 10-13 and Comparative Examples 9-10 



e hAum in Table 7 were obtained in the same manner as in Example 
45 employed. 
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45 Examples 14-18 

Table 8 shows five kinds of modified crystalline polypropylene resins (each of these resins is hereinafter 
abbiv£!ed i ^pTwherein the propylene content. MFR, modifier, amount of modification and modu.us of 

ben s:rr 0 wsiivT ta h nd: zsst*** ***** of 

abb rlv^ed as^PR"). wherein theemylene content fraction of three ^l-HM 
taiiinHv MFR tensile modulus modifier and amount of modification of each EPR are indicated. 

win 2V£5 51 used as the polyamide (component A). As the modified polyolef.ne (com- 
?ro things Ja« PP Kk!nd = maleic anhydride-modified homo PP. MFR = 30 g/10 min. amount of 

wt- %. ™du,us of bending elast^ .9 

Town in Tabie 1 a The ^ b.end was subjected to melt kneading a. 280-C by a 30-mm «> doub.e screw 
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-vtn.rfor to obtain resin composites. The resin composites were dried and then injection-molded to prepare 
ZZSZiai vSt!^ measurements. The properties of the resin composites are shown in TaWe 
10. 
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Examples 19 and 20 

11- 

Comparative Examples 11 and 12 

howi nfl nmnorti^ shown in Table 1 1 were obtained in the same manner as in Example 

" 1. Z^SZmS^S> pp. - • "» — — ° » °— — 

Examples 11 and 12, respectively. 
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Examples 21-23 

40 Resin composites having properties shown in Table 12 were obtained in the same manner as in Example 

14 exS ZePR 2. EPR 3 and EPR 4 all shown in Table 9 were used as component E In Examples 21 22 
IJd Trespecttely and that the proportions of component A. D and E were changed to those shown In Table 
12. 

45 Comparative 13 

A resin composite having properties shown in Table 12 was obtained in the same manner as in Example 
21 except that maleic anhydride-modified EPR (EPR 5) shown in Table 9 was used as component E. 
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Example 24 
A resin © 



■ r^ Irt nomoosite having properties shown in Table 13 was obtained in the same manner as in Example 
1 4 eJc^^ component A. oomponent D and oomponent E were changed to those shown 

in Table 13. 



Comparative Example 14 

46 L -*«~~ ^K«i*#n in TahiP 13 was obtained in the same manner as in Example 

weight. 

so Comparative Example 15 

A resin composite having properties shown in Table 13 was obtained in the same manner as in Example 
24 except that no component E was used. 

55 Comparative Example 16 
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in Table 13. 
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40 Examples 25-28 and Comparative Examples 17-18 

Resin composites having properties shown in Table 14 were obtained in the same manner as in ^ample 
14 except that nylon 6 (PA 6. % = 2.3) was used as component A and that the proport.ons of component A, 
component D and component E were changed to those shown in Table 14. 
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The resin composite of the present invention is superior in low water absorption^dimensional *tabimy Jight- 
■ T? ™Z»nZ2 nronerties (e a rigidity and toughness) and moldability. The resin composite can be 

in electric or electronic parts for automobiles. 
Examples 29-32 

le9QflnH ~ n the epp have propylene content of 23 percents and 50 percents by mole in com- 
ponent^ 

cents by mole in component (E), respectively. 
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40 Claims 
1. 



45 



50 2. 



55 



Aresln composite, comprising a matrix comprising 30 to 80 percent by weight of polyamide and a plurality 
of £m££> 'n the matrix, each of the grains comprising a core «-^^^^ 
and a shell, coated onto the core, comprising a polyolefin modified by reaction with an ^nsaturated 
SioxtJic acW and/or an «.B-unsaturated carboxyiate. one polyolefin being a oo^ercxHnpns.ngethy- 
uni t s and having a modulus of tensile elasticity at23«C of up to 200 MPa. and the other 
5yo£.n a ^ 

! GPa the sum of the polyamide and the two polyolefins being 100 percent by we.ght 

Aresin composite of claim 1. wherein the core comprises 19 to 69 percent of unmodified crystalline poly- 
propyie^i" and the shell comprises 1 to 30 percent by weight of mod.f led copolymer. 

3. A resin composite of claim 2, wherein, prior to modification, the copolymer comprises 30 to 80 percent 
by mole of propylene units. 

4. A resin composite of claim 3. wherein, prior to modification, the copolymer comprises 40 to 70 percent 
by mole of propylene units. 
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5 A resin composite of any of claims 2 to 4, which comprises 10 to 50 percent by weight of the crystalline 
polypropylene resin and 3 to 20 percent by weight of the modified copolymer. 

G A resin composite of claim 1. wherein the core comprises 5 to 65 percent by weight of unmodified copo- 
I^S"an7tSe shell comprises 5 to 50 percent by weight of modified crystai.ine polypropylene res.n. 

7. A resin composite of claim 6, wherein the copolymer includes 30 to 85 percent by mole of ethylene units. 

8. A resin composite of claim 7, wherein the copolymer includes 45 to 85 percent by mole of ethylene units. 

9 A resin composite of any of claims 6 to 8. which comprises 10 to 40 percent by weight of the unmodified 
»XnTa^10 to 45 percent by weight of the modified crystaliine polypropylene resin. 

10. A resin composite of any preceding claim, wherein the grains have average diameters up to Sjun. 

11. A resin composite of claim 4, wherein the core has an average diameter of up to 3um. 

12. A resin composite of claim 5, wherein the core has an average diameter of up to 2um. 

20 13. A resin composite of any preceding claim, wherein at .east one of the grains Includes a plurality of cores. 

14. A resin composes of any preceding ciaim. wherein the crystalline resin has a .melt flow rate according to 
ASTM D1238 of at least 1 gram per 10 minute under tension of 2.16 kgf at 230 C. 

c « * a -Bin comoosite of any preceding claim, wherein the copolymer includes 0.05 to 5 percent by weight of 
2 an a ^TaCL -^lid B andyo; an a.p-unsaturated carboxyiate in 100 percent by weight of co- 

polymer. 
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FIGURE 2 
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FIGURE 3 




CD 

a 



m 

o 
o 

3. 



29 



EP 0 683 210 A2 




